The notion that family support may buffer individuals under adversity from poor outcomes has been theorized to have important implications for mental and physical health, but little is known about the biological mechanisms that explain these links. We hypothesized that adults who grew up in low socioeconomic status (SES) households but who experienced high levels of maternal warmth would be protected from the pro-inflammatory states typically associated with low SES. A total of 53 healthy adults (aged 25-40 years) low in SES early in life were assessed on markers of immune activation and systemic inflammation. Genome-wide transcriptional profiling also was conducted. Low early-life SES individuals who had mothers, who expressed high warmth toward them, exhibited less Toll-like receptor-stimulated production of interleukin 6, and reduced bioinformatic indications of pro-inflammatory transcription factor activity (NF-jB) and immune activating transcription factor activity (AP-1) compared to those who were low in SES early in life but experienced low maternal warmth. To the extent that such effects are causal, they suggest the possibility that the detrimental immunologic effects of low early-life SES environments may be partly diminished through supportive family climates.
Introduction
Individuals lower in socioeconomic status (SES) consistently suffer poorer mental and physical health. They are at heightened risk for numerous mental health problems, including depression, anxiety and disruptive disorders, 1,2 as well as for a variety of chronic medical illnesses, including cardiovascular disease, arthritis and some cancers. 3, 4 These relationships are robust across the life span, 5, 6 as well as across both countries that do and do not have universal health-care systems. 7 These patterns make low SES one of the most robust risk factors for disease and disability.
Researchers have long speculated, however, that there are individuals who are able to thrive, despite confronting serious adverse circumstances such as being low in SES. This is the notion of resilience; that is, individual characteristics or situational processes that can buffer those facing adversity from poor outcomes. 8, 9 In children, the types of factors that have most consistently been found to be protective against outcomes such as mood and antisocial disorders include supportive relationships with others such as close family relationships and authoritative parenting. [10] [11] [12] [13] What has remained less clear, however, are the biological processes by which supportive families may protect against disease and disability related to adversity. One of the leading mechanistic hypotheses about how SES exerts its effects on health is by inflammation. 14 Research shows, for example, that in healthy adults, low SES is associated with systemic inflammatory profiles, such as elevated levels of C-reactive protein (CRP) and interleukin 6 (IL-6) in circulation. 15, 16 In children, low SES is associated with increased cytokine production in response to in vitro mitogen challenge in patients with inflammation-related diseases such as asthma. 17, 18 More recently, functional genomics studies have indicated that several different types of social adversity, including low SES, social isolation and chronic stress, are all associated with heightened signaling of pro-inflammatory transcription control pathways in both children and adults. [19] [20] [21] [22] [23] In turn, inflammation has been implicated as a key pathway in numerous illnesses ranging from depression to cardiovascular disease. [24] [25] [26] [27] For example, inflammation is known to contribute to the progression of coronary heart disease by facilitating the growth and rupturing of atherosclerotic plaque, and activating coagulation processes involved in thrombogenesis. 26, 28 Mounting evidence indicates that inflammatory cytokines can also induce depressive symptoms. 29, 30 Administration of inflammatory cytokines evokes a constellation of sickness behaviors that resembles depression, including anhedonia, social withdrawal, anorexia and hyposomnia. 31 In adults, those who are administered inflammatory cytokines as part of medical treatments are at greater risk for experiencing depressive symptoms, and this in turn can be prevented prophylactically by administering antidepressants. 32 Although low SES is associated with a pro-inflammatory profile, researchers have argued that it, and other physiological concomitants of adversity, can be offset by individual characteristics or supportive processes. [33] [34] [35] No studies that we are aware of, however, have directly tested this hypothesis. Further, it is not known whether any buffering effects of positive early-life factors could have lasting effects on biology into adulthood (the focus of previous research has been on current psychosocial factors that mitigate the biological profile of adversity in children and in adults [36] [37] [38] ). In the animal literature, high levels of maternal licking/grooming and arched back nursing early in life buffer rats from elevated physiological responses to stressors later in life as adults. [39] [40] [41] These findings suggest that early-life maternal care may serve as one type of support factor that protects against detrimental biological responses in adult life.
In this study, we hypothesized that among adults who faced adverse circumstances early in life (low SES), those who experienced high levels of maternal warmth in childhood would show reduced indications of pro-inflammatory signaling compared to those who experienced low maternal warmth. More specifically we hypothesized that as adults, low earlylife SES individuals who experienced high maternal warmth would show (1) reduced activity of a key proinflammatory transcription factor, nuclear factor-kB (NF-kB), in bioinformatic analyses of genome-wide transcriptional profiles of peripheral blood mononuclear cells (PBMCs); (2) reduced PBMC responsivity to in vitro stimulation, as indicated by lower expression of the pro-inflammatory cytokine IL-6 and (3) reduced systemic inflammation, as indicated by lower levels of circulating CRP. We tested secondary hypotheses that other transcription control pathways involved in immune activation, such as AP-1, would also show indications of reduced activity in low early-life SES individuals who experienced high maternal warmth in childhood.
Methods

Sample
Participants were 53 adults recruited from Vancouver, BC through postings in local media and pubic transit. To be eligible, they had to be 25-40 years of age and in good health, defined as being free of infection the past 4 weeks and without a history of psychiatric or chronic physical illnesses (by self-report). Participants also had to have been raised in a low SES household in early life (details below). Of these 53 participants, 26 were in the high-maternal-warmth group and 27 were in the low-maternal-warmth group (details below). Participants represent the low SES subset of a larger study, described in more detail by Miller et al. 22 The project was approved by the University of British Columbia's Research Ethics Board and all subjects gave written consent before participating.
Socioeconomic status
SES was defined according to occupational status using the United Kingdom's National Statistics Socioeconomic Classification. 42 This study focused on individuals who fell into the low SES category, based on their parents having routine, manual or lower supervisory occupations. For classification of earlylife SES, we contacted each subject's mother or father by telephone, and inquired about their occupation (and their spouse's) during their child's first 5 years of life (including the in utero period). Given that social status is often ascribed to households rather than individuals, we used the highest occupation in the family to categorize SES, a common approach in the SES literature. 43 Average early-life SES for this sample was 6.0 (s.d. = 1.3) on a 1-7 scale, with lower numbers indicating lower prestige occupations.
Maternal warmth
Maternal warmth experienced in childhood was measured using the Parent Bonding Inventory. 44 This inventory consists of a subscale assessing maternal warmth/care. This scale consists of 12 items querying the quality of their relationship with their mother during childhood (for example, 'My mother spoke to me in a warm and friendly voice.'). Participants reported on a four-point scale how true each statement was of their own experiences. The Parent Bonding Inventory has shown adequate test-retest reliability (0.60-0.79), and has shown adequate validity when scores were compared between twins, as well as with interview-based ratings. 45 In addition, it has been used on other studies investigating family relationships and physiological measures. 46, 47 In our studies, internal consistency of this scale was 0.94, and 6-month test-retest reliability was 0.84. Participants in the top half of the score distribution were coded as high maternal warmth (n = 26) , and those in the bottom half were coded as low maternal warmth (n = 27).
Transcriptional profiles
PBMCs were isolated from whole blood through density-gradient centrifugation, lysed and then homogenized in QiaShredder Spin Columns (Qiagen, Mississauga, ON, USA). Lysates were frozen at À80 1C until RNA was extracted using AllPrep DNA/ RNA kits (Qiagen). RNA purity and integrity were verified using an Agilent 2100 bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). RNA (50 ng) was later assayed on an Illumina BeadStation 500 using HumanRef-8 v3.0 Expression BeadChips (Illumina, San Diego, CA, USA) for a randomly selected subgroup of 30 low early-life SES individuals (15 high and 15 low maternal warmth). The assays were performed at the Génome Québec Innovation Centre. The raw data were log-2 transformed and differentially expressed genes were identified as those showing X20% difference in mean expression levels between low-and high-maternal-warmth groups (corresponding to a false discovery rate of < 5% (Cole et al. 48 )). The data are deposited in Gene Expression Omnibus (accession number: GSE15180).
To identify the upstream signal transduction pathways that underlie differential gene expression, we used a two-sample variant of the Transcription Element Listening System (http://www.telis.ucla.edu). 49 Transcription Element Listening System analyzes differential gene expression data in terms of the prevalence of transcription factor-binding motifs (TFBMs) within the promoters across all differentially expressed genes. This approach can accurately identify the activation of specific hormone or cytokine signaling pathways based on the resulting pattern of gene induction, which occurs selectively in genes bearing TFBMs responsive to transcription factors activated through that pathway. Analyses used aggregate indices that had been pooled across nine different technical specifications involving variations of promoter length and TFBM match stringency. 49 
Confirmation of microarray findings
To validate microarray findings, three transcripts that showed upregulation in the microarray analyses, and are known to be key genes involved in inflammation (listed under Gene Ontology annotation 'inflammatory response' or 'regulation of inflammatory response') were independently assayed by qRT-PCR using TaqMan Gene Expression Assays (Applied Biosystems, Foster City, CA, USA). Genes analyzed included CCL2, OLR1 and PTGS2. Assays for each sample were carried out in duplicate using an Applied Biosystems Prism 7000 Sequence Detection System according to the manufacturer's recommended one-step thermal cycling protocol. Threshold cycle numbers for each analyte were normalized to b-actin before analysis.
Markers of inflammation
Systemic inflammation was assessed through serum levels of CRP. A high-sensitivity, chemiluminescent assay was performed on an IMMULITE 2000 (Diagnostic Products, Los Angeles, CA, USA). This assay has an interassay coefficient of variation of 2.2% and a lower detection threshold of 0.19 mg l À1 . Because values were not normally distributed, CRP was log-transformed. To model the dynamics of inflammatory signaling pathways under immune challenge, we quantified PBMC production of IL-6 following stimulation with Toll-like receptor (TLR) ligands. 50 Both IL-6 production and CRP assays were conducted on the larger sample of 53. Whole blood was drawn into Vacutainer Cell Preparation Tubes (Becton Dickinson, Oakville, ON, USA), and PBMCs were isolated through centrifugation, washed and resuspended in R10 medium (Sigma, St Louis, MO, USA), and 5 Â 10 5 PBMCs were incubated with TLR ligands following established protocols, 50 and as detailed by Miller et al. 22 (see Supplementary Table  S3 in the online supplement; purchased from Cedarlane, Burlington, ON, USA). Cells were incubated for 24 h at 37 1C in a 5% CO 2 atmosphere, after which supernatants were harvested and frozen at À80 1C until analysis. The samples were later assayed in duplicate for the inflammatory cytokine IL-6 using commercially available ELISA Development kits from R&D Systems (DY206E; Minneapolis, MN, USA). These kits have detection thresholds of 5 pg ml À1 and intra-and interassay coefficients of variation < 5%.
Potential confounds
We also collected information on demographic and behavioral factors that could serve as potential confounds. Demographic variables included age, gender, ethnicity and current SES. Behavioral factors included smoking status, alcohol use, exercise 51 and body mass index.
Results
Sample characteristics
Low early-life SES participants who experienced low versus high maternal warmth did not differ in demographic factors of age, gender, ethnicity or current SES (all P-values > 0.1), or behavioral factors including smoking, drinking, exercise and body mass index (all P-values > 0.1) ( Table 1) . Among the subsample on whom gene expression microarrays were conducted, those who experienced low versus high maternal warmth also did not differ on any factors from Table 1 , including age (P = 0.38), gender (P = 0.47), ethnicity (P = 0.46), current SES (P = 1.0), smoking (P = 0.41), drinking (P = 0.70), exercise (P = 0.42) or body mass index (P = 0.56).
In addition, the subsample on whom gene expression microarrays were conducted was similar to the larger sample (no differences between those who were in the microarray substudy and those who were not on age (P = 0.93), gender (P = 0.48), ethnicity (P = 0.29) and current SES (P = 0.82)).
Transcriptional dynamics
A total of 491 transcripts showed a 1.20-fold or larger difference in expression between low early-life SES participants experiencing high versus low maternal warmth (corresponding to a false discovery rate of 5% (Cole et al. 48 )). Supplementary Tables S1 and S2 in the online supplement list these genes. Of the genes that were differentially expressed, 330 were upregulated and 161 were downregulated in participants who grew up with high maternal warmth.
Primary hypothesis
Results of promoter-based bioinformatics analysis indicated that there was significant downregulation of genes bearing response elements for the transcription factor NF-kB (average 0.61-fold difference in V$NFKAPPAB65_01 prevalence, s.e. = 0.11, P = 0.02) in low early-life SES participants who experienced high maternal warmth compared to those who experienced low maternal warmth ( Figure 1 and Table 2 ).
Secondary analyses
Our secondary hypothesis was that in addition to NF-kB, differences in the activity of immune activating transcription factors such as AP-1 would also be evident between the two groups. Results revealed that low early-life SES individuals who experienced high maternal warmth displayed downregulated expression of genes bearing TFBMs for AP-1 compared to those who experienced low maternal warmth (average 0.56-fold difference in V$AP1_Q4 prevalence, s.e. = 0.11, P = 0.01) (see Figure 1 and Table 2 ).
Exploratory analyses
In addition to the primary hypotheses above, we performed exploratory bioinformatics analyses to evaluate whether maternal warmth among low earlylife SES individuals was associated with altered activity of any other transcription-control pathways. Participants high in maternal warmth showed a relative upregulation of genes responsive to the CREB pathway (average 4.43-fold difference in V$CREBP1_Q2 prevalence, s.e. = 1.01, P = 0.0001). They also showed a relative downregulation of genes bearing TFBMs for the GATA3 transcription factor (average 0.87-fold difference in V$GATA3_01 prevalence, s.e. = 0.02, P = 0.001), OCT family factors (average 0.66-fold difference in V$OCT1_06 prevalence, s.e. = 0.06, P = 0.005) and the ELK1 transcription factor (average 0.48-fold difference in V$ELK1_01 prevalence, s.e. = 0.08, P = 0.006) (see Figure 1 and Table 2 ).
In contrast, there were no differences between maternal warmth groups on genes bearing TFBMs for the glucocorticoid receptor (GR; average 0.89-fold difference in V$GR_Q6 prevalence, s.e. = 0.11, P = 0.36).
To identify common functional characteristics of differentially expressed genes, we conducted additional exploratory Gene Ontology analyses using Figure 1 Fold differences in the prevalence of TFBMs for NF-kB, AP-1, OCT, ELK, GATA and CREB in promoters of genes differentially expressed among individuals from low early-life SES backgrounds who experienced either low or high levels of childhood maternal warmth. For example, for NF-kB, high-warmth individuals exhibited a 0.61-fold difference, or a 39% decrease, in TFBM prevalence compared to high-warmth individuals. High-warmth individuals also exhibited a 44% decrease in AP-1, a 52% decrease in ELK, a 34% decrease in OCT and a 13% decrease in GATA TFBM prevalence, along with a 4.4-fold increase in CREB TFBM prevalence, compared to lowwarmth individuals. Note: P-value indicates significance of differences between low-and high-warmth groups.
Maternal warmth and pro-inflammatory signaling E Chen et al GOstat (http://gostat.wehi.edu.au). Gene Ontology categories overrepresented among genes upregulated in low warmth individuals included innate immune response (GO:0045087), cytokine production (GO: 0001816), IkB kinase/NF-kB cascade (GO:0007249) and chemotaxis (GO:0006935). Functional characteristics of genes upregulated in high warmth individuals included cell development (GO:0048468), transcription activator activity (GO:0016563) and intracellular signaling cascade (GO:0007242). These patterns mirror the results of the transcription control pathway analyses in suggesting that high-maternalwarmth buffers the activation of genes involved in inflammation and immunologic activation.
Confirmatory RT-PCR
To verify results of the microarray expression analysis, we used real-time RT-PCR (qRT-PCR) to assess relative quantities of mRNA for three genes identified as up-or downregulated in low SES individuals from high warmth families. The results were concordant in all three cases; among individuals with high maternal warmth, there was a relative upregulation of CCL2 and OLR1, and a relative downregulation of PTGS2 (all P-values < 0.0001) (see Supplementary Figure S1 in the online supplement).
Confounds
To ensure that variation in the distribution of leukocyte subsets within the PBMC pool did not contribute to the observed disparities, we performed complete blood counts on participants' whole blood. Gene expression profiles were statistically adjusted to control for individual differences in leukocyte subset distributions. Downregulation of NF-kB in highmaternal-warmth participants remained statistically significant in analyses controlling for leukocyte subset distributions (P = 0.001), as did downregulation of AP-1, GATA, OCT and ELK, and upregulation of CREB (all P-values < 0.05). We next considered the possibility that demographic or behavioral factors might account for the above differences. Gene expression profiles were statistically adjusted to control for age, gender, ethnicity, current SES, exercise, alcohol intake and body mass index. Downregulation of NF-kB in highmaternal-warmth participants remained statistically significant (P = 0.002), as did downregulation of AP-1, GATA, OCT and ELK, and upregulation of CREB (all P-values < 0.05) (see Table 2 ).
Immune activation
To evaluate whether the leukocyte transcriptional disparities identified above gave rise to differential systemic immune activation, we assessed serum levels of the inflammatory biomarker CRP and PBMC production of the inflammatory cytokine IL-6 following ex vivo stimulation with ligands to TLRs on the larger sample. Low early-life SES individuals who experienced high maternal warmth showed directionally lower levels of CRP (log-transformed M = À0.31, s.d. = 0.44) compared to low early-life SES individuals who experienced low maternal warmth (M = À0.05, s.d. = 0.66), but these differences were not statistically significant (t = 1.62, P = 0.11). In addition, their PBMCs responded differently to TLR stimulation. High-maternal-warmth individuals produced significantly less IL-6 in response to TLR2/TLR6 stimulation with the ligand Zymosan than did those with low maternal warmth (t = 2.04, P < 0.05). PBMCs from high-maternal-warmth individuals also produced significantly less IL-6 in response to TLR9 stimulation with ODN (t = 2.26, P < 0.05). No differences were found for other ligands (see Figure 2 ).
Discussion
We found that in a sample of adults who grew up in low SES homes, maternal warmth during childhood was associated with reduced pro-inflammatory signaling. As adults, those who experienced high maternal warmth showed reduced immune cell responsivity to challenge (as indicated by less PBMC-stimulated production of IL-6), and at the functional genomic level, reduced bioinformatic indications of activity by pro-inflammatory (NF-kB) and immune-activating (AP-1) transcription factors compared to their low-warmth counterparts. These findings are significant because they suggest the possibility that the excess inflammatory activity linked to low SES may be mitigated, in part, by the presence of a warm and supportive family climate early in life.
These results are consistent with the notion that adverse social environments engender heightened signaling of pro-inflammatory transcription control pathways in childhood and adulthood, [19] [20] [21] [22] [23] as well as heightened systemic inflammation in adulthood, 52, 53 and that maternal warmth experienced during childhood may serve to reduce these states. Our results add to recent theoretical discussions about how positive psychological and support factors may be able to biologically protect those who experience adversity from poor health outcomes, 35, 54, 55 and complement research that has shown protective effects of biological traits such as genetic polymorphisms under certain adverse conditions. 56, 57 Furthermore, given the causal role that inflammatory cytokines are hypothesized to have in major depression, 29, 30 the reduced inflammatory signaling seen among highmaternal-warmth individuals suggests the possibility that supportive family environments early in life could potentially be protective against later depression in part because of their effects on inflammatory pathways. Previous human research on the biological profiles associated with positive psychosocial factors experienced under adversity has largely focused on neuroendocrine or cardiovascular risk outcomes. For example, a program to teach parenting skills to foster parents produced greater declines in cortisol among maltreated children in comparison to children in foster care whose parents did not undergo the program. 58 Similarly, maltreated children who have high ego resilience, as well as psychologically healthy adult survivors of child abuse, show different profiles of cortisol and functioning of the hypothalamic pituitary adrenal axis compared to those without resilience characteristics. 59, 60 Positive relationships with others also have been linked to less detrimental neuroendocrine and cardiovascular outcomes. For example, effects of current cumulative adversity on allostatic load (a composite of cardiovascular and neuroendocrine measures) did not occur in children who experienced high maternal warmth. 36 Adults who experience positive relationships currently did not show detrimental effects of low maternal warmth on adult allostatic load. 37 In addition, high-quality family or social relationships mitigated the relationship between low SES or parental loss and cardiovascular risk (for example, blood pressure, cholesterol profiles) in adults. 61, 62 Finally, the relationship between current SES and glycosylated hemoglobin in adults has been found to be stronger among those currently low in psychological well-being. 38 This study is unique both in focusing on early-life factors and their links with adult biology, as well as in showing a biological signature associated with maternal warmth that spans from systemic inflammatory markers down to indicators of functional genomic activity.
In addition to our hypotheses relating to NF-kB and AP-1, exploratory analyses also revealed downregulation of the OCT, ELK and GATA family of transcription factors, as well as upregulation of CREB. Interestingly, these same pathways have emerged in several other studies of the transcription control pathways linked to social adversity. 19, 22, 23, 63 CREB is activated by a variety of different physiological receptor systems, some of which would not be consistent with the other patterns seen in this study. However, one CREB modulator that may be relevant to the present findings is the neurotrophin brain-derived neurotrophic factor (which in addition to being found in the brain, can also be produced by immune cells 64 ). Low levels of brain-derived neurotrophic factor have been implicated in depression, and conversely, antidepressant treatments (both pharmacological and psychotherapeutic) have been found to increase brain-derived neurotrophic factor. 65, 66 Moreover, increases in brain-derived neurotrophic factor are linked to activation of CREB, and increases in CREB phosphorylation are also seen with antidepressant treatment. 67, 68 This suggests the possibility that the upregulation of CREB seen in this study could have implications for protection against depression. In addition, activated CREB can inhibit NF-kB-mediated transcription by competing for transcriptional cofactors such as p300/CBP. 69 Activated CREB may reflect increased upstream activity of PKA, which can also inhibit NF-kB. 70 Given the inhibitory effects of PKA/ CREB on NF-kB, the CREB activation observed in this study may be one plausible mechanism for reciprocal reductions in NF-kB-mediated gene expression.
In this study, we did not find evidence that impaired glucocorticoid signaling had a role in the differential pro-inflammatory activity of low-versus high-maternal-warmth subjects (there were no significant differences in the expression of genes with response elements for the GR). This is intruiging because previous studies have suggested that the effects of adverse social environments on pro-inflammatory signaling pathways may operate in part by increased glucocorticoid resistance. 19, 20, 22 Patterns for CREB were also different, and taken together, these findings suggest that although adverse social environments and protective support factors both appear to have effects at the genomic level, each has its own specific mediational fingerprint. That is, low SES appears to increase pro-inflammatory transcription control pathways by increased glucocorticoid resistance, whereas maternal warmth appears to reduce pro-inflammatory transcription signaling by other pathways that do not involve the GR. The present analyses focus on cis-regulatory activity, and thus cannot definitively rule out the possibility that altered GR signaling might contribute to the observed NF-kB inhibition through nontranscriptional mechanisms (for example, protein-protein interactions). 71 However, GR transcriptional regulation and protein-protein interactions tend to correlate because they are both induced by glucocorticoid ligation of the GR. 71 In the absence of any detectable change in GR-mediated transcription, the most parsimonious interpretation of the data is that GR signaling alterations are not driving the observed inhibition of NF-kB.
Despite differences in immune cell responsivity to challenge and bioinformatic indications of proinflammatory signaling, we found no statistically significant differences by maternal warmth in CRP levels, although group means were in the hypothesized direction. Because this was a healthy and relatively young sample, this could mean that differences at the level of systemic inflammation take time to emerge. Alternatively, it could be that larger samples are required to detect differences at this level.
Controlling for a variety of demographic and behavioral factors did not substantially affect study results. This indicates that the differences between low-and high-maternal-warmth participants cannot be attributed to differences in gender, age, ethnicity or various health behaviors. In addition, because the low-and high-maternal-warmth groups did not differ on current SES, the results observed in this study do not appear to be due to effects of current socioeconomic environments on inflamatory signaling pathways.
Strengths of this study include the empirical testing of theoretical models of biology profiles associated with maternal warmth using a well-defined molecular mechanism for disease risk. A second strength lies in the in-depth assessment of pro-inflammatory profiles ranging from indicators of systemic inflammation to genome-wide microarray analyses of gene expression. A third strength lies in the confirmation of early-life SES status from parents, rather than from the study participants themselves. Limitations include the small sample size (although it is similar to other microarray studies of social adversity 19, 21, 23 ), the retrospective nature of assessments of parental warmth and early-life SES and the inability to infer causality based on the study design. Future studies should follow clinical outcomes over time to char-acterize the implications of these immune and gene expression profiles for psychiatric illnesses, and as well to determine the degree to which maternal warmth early in childhood protects low SES individuals, much as higher SES status does. In addition, the potential benefits of paternal, in addition to maternal, warmth would be important to establish. Finally, it would be important to identify the underlying biological mechanisms by which early-life factors contribute to persistent effects on inflammatory signaling by exploring the role of processes such as epigenetics. 72 In sum, this study found that high maternal warmth among those low in SES early in life was associated with reduced PBMC response to TLR stimulation, and at the genomic level, reduced bioinformatic indications of pro-inflammatory transcription factor activity. Given that pro-inflammatory states have been strongly implicated in both mental health disorders such as depression, 29 as well as in physical illnesses such as cardiovascular disease, 26 this suggests that individuals who grow up low in SES but who have warm maternal figures may be less likely to develop a number of mental and physical illnesses later in life. If true, these findings could have important public policy and public health implications. Working to alleviate poverty, as lofty and important a goal as this is, has remained an intractable problem in our society. Complementing this effort, encouraging and teaching parenting behaviors that facilitate warm emotional climates, even in the face of adversity, might prove to be a supporting, effective target of intervention (as suggested by cross-fostering and environmental manipulation studies in previous animal research 40, 73 ). To the extent that promoting such environments early in children's lives can be shown to have causal protective effects, we may one day be able to partially ameliorate the inflammatory and subsequent health effects of low early-life SES environments through increasing the warmth and supportiveness of family relationships in at-risk children.
